|, C. 7307 


ee 
4 . , 
REGr wa 
ay Se ee £ i J 
‘ 


arr 

As\] A AA 
MAS 14 }S45 
’ + om» iat T/ 


UNITED STATES 
DEPARTMENT OF THE INTERIOR 
Haro_tp L. Ickes, SECRETARY 


BUREAU OF MINES 
R. R. Savers, DIRECTOR 


INFORMATION CIRCULAR 


—— 


SURFACE STORAGE OF EXPLOSIVES 


BY 


D. HARRINGTON AND R. G. WARNCKE 


Google : 


Fesruary 1945 


INFORMATION CIRCULAR 


UTED STATES DEPARTMENT OF TEE INTERIOR - BUREAU OF MINES 


SURFACE STORAGE OF EXprostvesz/ 


By D. Harrington2/ and R. G. Wecices/ | 


INTRODUCTION 


Altnough for many years considerable attention has been given to devising 
sue and efficient methods of using explosives, with some success, relatively 
little hag been done to provide satisfactory storage facilities for them<.-* 

“8 W48 known long before the present war began, but it was emphasized during 

“Ne past 30 months! ins ‘pections of explosive magazines by employees of the 
2 wezn of Mines in administration of the Federal Explosives Act of December 
é, 1ghl, These inspections have revealed woeful inadequacy as well ag defi- 
nite hazards and the urgent nesd for obtaining better storage facilities 
e.uner by remodeling old magazines or constructing new ones that would afford 
sucteble protection for the contents against theft, fire, deterioration, and 


evonation, 


The Purpose of this paper is to coffer suggestions and to show by sketches 
wd drawings some of the fundamental features of suitable magazines. Type of 
— “ucticn and available materials differ with different localities, but 
“ sticrmetion herein contained can be applied to most magazines, whether 
aireedy constructed or the construction of which is planncd. It is hoped 
eee information will be helpful and will aid persons who are trying 
i Suitable storage for exolosives and detonators. It ig also hoped 
nes ““veS and cities will be made aware of the unbelievable laxity prac- 
= he in stor: “ng explosives in the United States and will take some ener 


= 


STORAGE OF EXPLOSIVES 


Exnlos 3 : : 
= °Sives are definitely perishable and, even more important, are in- 
me Mtr on. TOUS so that, regardless of the amount to be stored, certain 
eV OUG TL : 
2S must be taken to. achieve reesonable safety. Two insentant goals 


Zust be et., 
and (0 3) “triven for - (1) protection of the explosives within the magazine 
Protection of life and of adjoining vroperty. 
Exvlo 


Sves should be protected against heat, extreme changes in tempera- 


lat 
PS ig NORE S: a ea . : , 
ture fire, lightning, bullets and projectiles, and theft. Thus 
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the Te e : Rie pen. roo 
the 2u cr Mines will welcome tue ; peprint: ng OF this pauper, provided 
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z/ Chier ines Information Circular 7507." ; | 
ay Minin? “lGalth and Safety Br anch, Bureau of Mines, Washington, D. C. 
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the storage magazine should be weatherproof, fire-resistant, bullet-resistant, 
well-ventilated, and securely locked. 


The condition of storage is closely related to the safe and efficient 
use of explosives. Improper storage of explosives, detonators, and fuse 
may result in misfires or incomplete detonation, with probable consequent 
fire as well as other troubles, thereby adding another to the already 
numerous inherent hazards in blasting. 


A small leak in a magazine roof or wall may allow cartridges to become 
wet and to deteriorate to an extent that, when used, either a misfire or 
incomplete detonation may result. A dilapidated magazine or one with its 
floor close to damp or wet ground is likely to expose at least some types 
of explosives (these include most of the permissible explosives used in coal 
mining and many of the dynamites used in noncoal mining) to moisture, which 
then may misfire, incompletely detonate, or burn rather than detonate, thereb; 
creating a hazardous condition, especially if they are used in underground 
workings e 


Poor ventilation or lack of ventilation within a magazine can be the 
indirect cause of serious accidents through bringing about modifications 
in the structure or composition of explosives thay may cause them to misfire, 
detonate, or burn. When air does not circulate freely in a magazine, the 
atmosphere may become hot or humid, and continued exposure to such an atmos- 
phere has much the same effect as dampness upon the characteristics of some 
explosives. | 


Some of the worst accidents from explosives are caused by handling mis- 
fires or undetonated explosives in the bottom of drill holes or broken 
material that has been blasted. The fumes or gases from a burning charge 
‘also are extremely poisonous and may cause fatal accidents underground. It 
is imperative that deterioration of explosives, detonators, and fuse be 
prevented, and that magazines should be dry, well-ventilated, and reasonably 
cool. 


The explosives magazine should be built on an isolated site or should 
be protected by artificial or natural barriers to prevent injury to persons 
or property in case of accidental detonation of the contents. As local cond: 
tions may intervene, making absolute prevention impossible, certain precau- 
tions should be taken to prevent damage should an explosion occur. Some of 
these are discussed in the following text. 


Location 


Magazines should be situated far enough away from other buildings or 
vital structures so that, in case of an explosion within the magazine, the 
least possible damage may be done to buildings or persons in the surrounding 
area. Some States and cities have laws or regulations that specify this 
distance. Where such laws do not exist, it is recommended that, insofar as 
feasible, the magazine.location comply with the American Table of Distances . 
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‘Table 1.) This table specifies the distances from inhabited buildings, 
aishways, and railroads at which m2gazines canter various quantities 
cf explosives should be located. 


The mandatory regulations as to the location of surface magazines under 
whe Federal Explosives Act state (as of June 1, 1944); 


Section 24 (c) (4).***. All storage magazines must be properly 
constructed, safely located, and securely locked.***. 


Section 25 (b) (2). Location of box-type magazines. Box-type 
magazines, when located outside a building, shall be securely an- 
chored. No magazine shall be placed in a building containing oil, 
grease, gasoline, waste paper, or other highly inflammable materi- 
als nor shall a magazine be placed less than 20 feet from a stove 
or furnace or open fire or flame, or less than 5 feet from other 
sources of external heat. 


| In the administration of the Federal Explosives Act, it is also recom- 
cended that surface magazines be detached from other buildings in conformity 
vith the American Table of Distances (see table 1), and that they be not 
iis than 200 feet to any power plant, hoist house, mill, dam, or other 
-tal structure or to any mine shaft, tunnel, or slope Spenine at the sur- 
face. In other words, the magazine should be removed et least 200 feet 
Prom any mine stmictuire or opening, and the explosives and detonator maga- 
nes should be at least 100 feet apart if not barricaded or 50 feet if 
‘arriceded, the definition of barricading being given in table l. 


The magazine site should be selected with the thought of safety and 
brctection as well as economy of operation. The topography of the ground 
s.culd be considered carefully to take full advantage of protection offered 
ty hills, rock ledges, spoil banks, dense woods or forests, etc. A site on 
sandy soil is preferable to one on "rocky ground, though rock ledges can af- 
ford considerable protection; although wooded regions are desirable, pre- 
cautions must be taken against brush or other fires. 


The site should have good drainage to prevent dampness or moisture 
from penetrating the magazine. Dugouts and tunnels in sides of hills offer 
694 protection for the storage of explosives, but if they cannot be well- 
Veatilated and well-drained, they are not recommended. 


In brief, the magazine should be located so that in the event of an 
explosion there would not be serious damage to life and property. Also, it 
siould be placed so as to prevent damage to or deterioration of explosives 
Secause of dampness or unduly high or low temperatures; and although the 
I-gazine should be so isolated by natural or other barriers as to minimize 
loss of life or property if its contents were to explode accidentally, on 
tae other hand, it should not be so far away that its contents could be 
s.olen by mischievous boys or persons whose motives might be much less 
-mnocent. 
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Blasting and electric Innabited 
blasting caps Other explosives| buildings 


- American table of distances 1919 revision 


Number Pounds !berricaccd* 
over- not over-| over- |not over- feet ) 
1,000 ~ 5,000 19 
5.000 10,000 30 
10 ,C00 20,000 60 
20 ,000 25,000 50 73 
25,000 30,000 50 100 120 
50,000 100 ,000 100 200 180 
100 ,000 150, 000 200 300 260 
150,000 200 , 000 300 LOO 320 
200 ,000 250, 000 400 500 360 
250, 000 300,000 500 600 Loo 
300 ,000 350 , 000 600 700 4.30 
350 ,000 400,000 700° 800 460 
400 ,000 450,000 800 900 4.90 
450,000 500 , 000 900 1,000 510 
500 ,000 750,000} °1,000 1,500 530 
750,000} 1,000,000} 1,500 2,000 600 
1,000,000} 1,500,000! 2,000 3,000 650 
1,500,000} 2,000,000} 4,000 4 000 710 
2,000,000} 2,500,000] 4,000 5,000 750 
2,500,000} 3,000,000f 5,000 6,000 780 
2,000,000} 4,500,000} 6,000 7,000 805 
3,500,000} 4,000,000} 7,000 8,000 830 
4,000,000} 4,500,000! 8,000 9,000 850 
4,500,000} 5,000,000} 9,000 10,000 87 
5,000,000} 7,500,000 |10,000 15,000 890 
7,500 ,000}10, 000,000 |15 ,000 20 ,000 975 
10 ,000 ,000 112, 500, 000 120,000 25,000 12055 
12, 500, 000 15,000,000 !25 000 30,000 1150 
15, 000, 000 | 17,500, 000 130,000 5,000 1,205 
vg 500, iad 000 , 000 }35,000 4o ,000 1 ae fa 
‘40,000 45,000 1,340 
| 45,000 | 50,000 1,400 
| 50,000 | 55,000 1,460 
| 55,000 60 ,000 1,515 
60 ,000 65 ,000 1, 565 
65 ,000 70,000 1,610 
70,000 | 75,000 1,655 
75,000 80 ,000 1,69 
80,000 | 85,000 1,750 
85 ,000 90 , 000 1,760 


*Sec footnote on following page. 
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Other explosives 


- American table of distances 1919 revision (Cont'd. 


Tnhabited 
buildings 


Pounds Pounds |barricaded* |barricaded*]| barricaded* 

over- |mot over- 

90,000} 95,000 1,790 

95 ,000!100 ,000 1,815 
100 ,000| 125,000 1,635 
125,000} 150,000 1,900 
150 ,000| 175,600 1,965 
175 ,O0CO | 200 , O00 2,030 
200 ,000| 225 ,000 2,095 
225 ,000! 250,000 2,155 
250 , 000} 275 , 000 2,215 
275,000] 400 ,CO0 2,275 
300 , 000} 225,000 2,555 
325, 000} 350,000 2,390 
350 ,o0of 379 y000 2,445 
375,000! 400 ,000 2,500 
400,000] 425 ,CO0 2,555 
425000" 450,.000 2,605 
450, O00! 47 (5,000 2,655 
475 ,000% 500,009 2,705 


arricaded, as here used, signifies that the megazine is effectually 
screened from other buildings, railroad, or highway, either by natural 
features of the ground or by artificial barricades. These barricades 
shall be of such neight thet any straight line drawn from the top of any 
wall of the magazine (if the magazine has a gable roof, the line should 
be drawn from a point midway on the roof) to any part of the building to 
be protected, shall pass through such intervening natural or artificial 
barricade. Also, any straight line drewn frcm the top of eny wall (if 
the magazine has a gable roof, the line should be drawn from a point 
midway on the roof) to any point at least twelve (12) feet above the 
center of the railroad or highway to be protected, shall pass through 
such intervening natural or artificial barricade. Where such barriers 
do not exist, distances should be doubled. 


An artificial barricade should consist of a constructed mound of earth or 
sand fill with a minimum width of three (4) feet at the ton. One or more 
of the sides may be supported by a concrcte, timber or masonry wall. 


Berricaces 


The safe location and construction of magazines and the use of barri- 
cades to minimize destruction of life and property should the contents of 
the napazine be detonated are closcly related. A barricade may be defined 
8a mound of earth or other barrier between an explosives magazine and its 
Surroundings, which, in event of explosion of the magizine's contents, will 
deflect or possibly absorb the force of the explosion so as to protect 
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surrounding structures or persons. Magazines should be protected by barri- 
cades, either natural or artificial, regardless of the distance from otner 
buildings or structures being protected. The distances given in table l 
should be used in choosing explosives-magezine locations and should be doutl 
where the magazine is not screened cr protected by natural or artificial 
barriers or barricades. The distance of 100 feet dbetween explosives and 
detonator magazines can safely be reduced to 50 feet by the erection of an 
efficient barricade. Similarly, distances between magazines and adjacent 
vulnerable structures may be reduced proportionately by use of barricading. 
An efficient barricade will limit or control the forces of an accidental ex- 
plosion of the magazine by diverting them mostly upward and ordinarily will 
prevent serious damage to surrounding life and property. It is not practica 
or even possible to locate some magazines at the required distance, but the 
danger from them can be ereatly lessened by building efficient barricades. 


In building a magazine, advantage should be taken of natural barriers, 
such as the side of a hill, the bottom of a cliff or rock ledge, a depress-< 
or a hollow with steep sides, a heavily wooded region, spoil banks, or, uns: 
some circumstances, the top of a hill. All these provide a screen or barrit 
that can function effectively as a barricade. 


In the absence of natural barriers, artificial barricades should be 
erectcd, some types of which can be constructed without undue cost or effor 
Choice of a type will be governed largely by the material that is readily 
available or the ease of procuring it. A simple barricade can be erected 
around a magazine by scraping or hauling dirt and piling it close to the 
magazine; a concrete or timbered wall can be erected at least 4 feet from 
the magazine, and the dirt may be piled against the wall, the width at the 
top of the pile or bank being rot less than 3 feet. An excavation made in 
the side of e hill for the magazine and the excavated dirt built up in fren 
mekes an efficient barrier. When the structures to be protected are on the 
same plane «8s the magazine, all sides should be burricaded essentially to o 
above the height of the mezazine. 


Foundations 


Magazines should be so constructed as to prevent the stored explosives 
from absorbing dempness andi to allow free circulation of air beneath the 
floor of the magazine if it is a surface structure. Foundations should 
preferably be of brick, stone, concrete, hollow-tile or concrete blocks 
filled with concrete, or combinations of these. The hcight or the founda- 
tion above tne ground at any point should be at least 1 foot. Foundations 
for magazines for only temporary storege may be wood posts, but the space 
betwecn the ground and the floor should be cnclosed and the enclosure cov?! 
with galvanized or sheet iron, In fact, the space under the floor of buil 
ing-type megazines of any kind should be enclosed to prevent entrance of 
persons, aninals, sparks, or firebrands. Screened vents should be left in 
the foundation walls for ventilation. (See fig. 1.) 
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Tee 1907 
Magazine Ventilation 


TO be properly stored, explosives should be kept in a dry magazine of 
uniform temperature; adequate ventilation is probably the best means of at- 
taining such a condition. By means of vents in the foundation, walls, and 
root, air can be made to circulate freely within the magazine. The mandatory 
recuirements of the regulations of the Federal Explosives Act are: 


Magazines shall have no openings except for entrance and 
ventilation. Foundation vents shall be of an offset-type con- 
struction, and all vents shall be effectively protected with 
metal screening or otherwise constructed to prevent the entrence 
of persons, animals, sparks, or firebrands or the direct pene- 
tration of bullets that can detonate the explosives. 


More consideraticn would be given to magazine ventilation if it were 
realized that two chief causes for the deterioration of explosives are mois- 
ture and excessive fluctuations in temperature; unless the air circulates 
freely in the magazine, the atmosphere may become excessively hot, cold, or 
hunid, Long exposure to such atmospheric conditions has essentially the 
sene effect upon scme explosives as damoness, with the result that there may 
c¢ misfires or incomplete detonation or burning of the explosives. With some 
wypes of explosives, unfavorable atmospheric conditions may cause the nitro- 
sivcerin to separate from the other ingredients; nitroglycerin "leaks," which 
maces the explosives more sensitive to shock or frictional imvact, hence 
dengerous to handle. 


Ventilators for various types of magazines are shown in some of the illus- 
trations. Figure 1 shows methods of putting vents in foundations, walls, and 
roofs, The floor, excenvt in front of the door, and the sand box or false ceil- 
ing should be set back at least 2 inches from the walls for ventilation. This 
is shown in several of the illustraticns. 


The following suggestions are offered with regard to ventilating 


Tegazines: 


Vents in foundations should be spaced not to exceed 6 feet, 
center to center, and should not be more than 6 inches in width 
and le inches in length. 


Roof ventilation may be through hip-roof and dormer vents, 
gable vents, or globe, star, or cquivalent ventilators in the 
peak of the roof. 


Gratings for vents can be made by punching 1/2-inch holes 
in No. le flat galvanized iron or by use of strong screens. 


| The size and number of ventilators will vary with climate, 
Size of magazine, nature of stock, and probably other considerations. 
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A minimum number of vents would be one 1°-inch globe or star 
vent for each 12 feet of magecine lengtn, cr two 4- by 6-inch open- 
ings in each geble for each 12 feet of magazine length, or 1 cpening 
of avproximately 1 squere foot for each 15 feet of magazine length 
for hip or dormer vents. 


None of the ventilation vents should be so large that a child 
could go through it. 


Magazine Construction 


The field representatives of tne Bureau of Mines engaged in administer: 
the Federal Explosives Act found magazines of various types and constructio: 
Many of them were substantially built of concrete, stone, or hard-burnt bri: 
more frequently, however, magazines have been built flimsily, as for insvan 
a light framewcrk of wood covered with corrugated iron, and little or no av 
tempt had been made to make them bullet-proor, theft-proof, fire-proof, or 
resistant to heat, cold, or moisture. 


Stone, concrete, or hard-brick magazines generally are thought to beu 
desirable because of the possibility of flying missiles in case of an explo 
Sion. The material used in the construction of a magazine should disinte- 
grate and shatter easily if an explosion were to occur within the magazine, 
yet construction should be substantial enough to prevent theft. 


The mandatory regulations of the Federal Explosives Act relating to 
construction of surface explosives storage-magazines follow: 


section 25. Storage of high explosives 


(e) High explosives in amounts exceeding 125 pounds. All 
high explosives in amounts exceeding 125 pounds shall be stored 
in permanent magazines which are theft-resistant, fire-resistant, 
and bullet-resistant. 


(1) Construction of permanent magazines. Permanent maga- 
zines shall be of a building type, an igioo or army tyne, a 
portable type, or a tunnel or dugout type, whether located on 
cor exvosed to tne surface or underground. Walls of building- 
typs magazines shall be substantially constructed of theft- and 
bullet-resistant materials. Walls shall meet the following 
standards or be constructed of other materials in a manner which 
will make them at least equally theft- and bullet-resistant: 


(i) Solid construction, not less than 6 inches in thickness 
of materials such as concrete, masonry, medium soft brick, or 
wood; or 


(ii) Filled construction, such as concrete blocks with the 
cells filled with screened sand, weak concrete, cement mortar, or 
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other erfective bullet-resistant filler; or exterior and interior 
wooden wells not less than 6 inches apart with the space between — 
filled with screened sand, weak concrete, cement mortor, or other 
effective bullet- resistant filles, and the exterior walls covered 
with sheet iron not lighter than No. 2o gauge, or other fire- 
resistant material; or | 


(iit) Lined construction, such as steel plate not lighter 
than Ho. 14 gauge, lined with weak concrete, cement mortar, 
brick, or screened sand not less than 6 inches in thichness, 
Or with hardwood not Jess than 2 inches in thickness, or with 
softwood not less than 4 inches in thickness. 


The same standards shall govern the construction of any 
artificial enclosing wall for tunnel- or dugout-type magazines 
on or exposed to the surface of the ground. Any artificial en- 
closing wall for permanent underground magazines shall be sub- 
Siantially constructed of wood not less than 2 inches in thickness 
cr of cther material of equivalent or greater strength. 


Foundations of building-type magazines shall be substantially 
constructed, and any space between the floor and the ground shall 
be enclosed in such a manner a3 to prevent the entrance of persons, 
animals, sparks, and firebrands. 


Rocts of buildine-type megazines snall be fire-resistant and 
substantially constructed to resist theft, as for txample, by 3/4- 
inch sheathing covered with shect iron or “slate Roofs not con- 
Structed cf fireproof material shall be covered ais sheet iron not 
lighter than No. 20 gauge or other fire-resistant material. The 
rocfs of megazines co loceted that it is possible to fire bullets 
directly through the roof into the explosives shall be made bullet 
resistant by material of construction, or by a ceiling that forms 
a tray containing not less than a 4-inch thickness of sand or other 
equally effective bullet-resistant filler erected In the interior 
of the magazine, or by other methods, 


Doors of magazines on or exposed to the surface of the ground 
shall be constructed of '3/8-inch steel plate lined with a 2-inch 
thickness of wood; or of a thinner steel plate with a greater thick- 
ness cf wood, at the rate of 1 additional inch of wood for each 
1/8-inch decrease in the thickncoss of the steel Plate; or of wooden 
wells at least 4 inches apart and filled with screened sand or other 
effective bullet-resistant filler, the exterior being covered with 
shect iron not lighter than Ne. 26 gauge, or other fire-resistant 
naterial; or of wood not less than 6 inches in thickness; or of’ re- 
inforced concrete not less than 4 inches in thickness. Doors of 
magazines located underground shall be substantially constructed 
of wood not less than 2 inches in thickness or of other material 
of equivalent or greater strength. 
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Doors of all permancnt magazines shall be equipped with two 
mortise locks; or with two padlocks fastened in separate hasps and 
staples; or with a combination of a mortise lock and a padlock; 
or with a mortise lock that requires two keys to open; or witha 
three-point lock. Padlocks and mortise locks shall be the equiva- 
lent of five-tumbler Jarnroof locks. Doors shall be provided with 
strong hingcs, hasps, and stayles attached by welds, rivets, or by 
bolts fitted with lock washers and nuts on the inside of the maga- 
zine and installed in such a manncr that the fastening cannot be 
removed when the magazine is locked. 


Magazines shall have no oncnings except for entrance and 
ventilation. Foundation vents shall be of an offsct-type con- 
struction, and all vents shall be effectively protected with metal 
screoning or otherwise constructed to prevent the entrance of 
persons, animals, sparks, or firebrands or the diréct penetration 
of bullets that can detonate the explosives. 


(2) Marking of premises. The premises on which a permanent 
magazine is located shall be conspicuously marked by signs con- 
taining the words "Explosivcs - Keep Off." Such signs shall ede- 
quately warn any person appreaching the magazine of the presence of 
explosives, but the signs shall not be so piaced as to direct 
general public attention to the location of the magazine. No signs 
Shall be placed on surface magazines or barricades or be so located 
that a bullet passing directly through the facc of a sign will 
Strike the magazine. 


(b) High explosives in amounts not exceeding 125 pounds. 
High explosives in amounts of 125 pounds or less may be stored in 
permanent magazines complying with the standards set forth in sec- 
tion 25 (a), including subscctions (1) and (2). If not so stored, 
such high explosives shall be: stored in box-type magazines which 
arc theft-resistant. 


(1) Construction of box-typo magazines. Box-type magazines 
shall be strongly constructed of 2-inch hardwood or of 3-inch soft- 
wood or other cqually theft-resistant material. Any metal magazine 
Shall be lined with a nonsparking material. Doors or lids shall be 
provided with strong hinges, hasps, and staples attached by welds, 


rivets, or bolts fitted with lock washers and nuts on the interior 


of the magazine and installed in such a menner that the fastening 
cannot be removed whcn the magazine is locked. Box type magazines 
shall be equipoed with at least one lock equivalent to a five- 
tumbler jarpvroof lock. | 


%* %& 
(3) Marking of magazines. Box-type magazines shall be 
painted red or another distinctive color and clearly and con- 
spicuously marked "Explosives", 
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Section 26, Storage of low explosives 


(a) Low explosives in amounts exceeding 125 pounds. All low 
exolcsives in amcunts exceeding 125 pcunds shall be stored in perma- 
nent megazines complying with all of the standards set forth in cec- 
tion 25 (a), including subsections (1) and (2), except that perma- 
ment mugazines for the stcrage of low explosives need not be bullet- 
vesistant. Any metal magazine shall be lined with a nonsparking 


maverial, 


(b) Low explosives in amounts not exceeding 125 pounds. All 
low explosives in amount of 125 pounds or less may be stored in 
permanent magazines complying with the standards set forth in sec- 
tion 25 (a) or section 26 (a). If not so stored, such low explo- 
Sives shall be stored in box-tyne megazines complying with all of 
the standards set forth in scction €5 (bd), including subsections 
(1), (2), end (3). 


section 27. Storage of detonstors 


(2) Detonators in numbers of 1,000,000 or more. All detona- 
ters in numbers of 1,000,000 or more shall be stored in permenent 
hag zines complying with all of the standards set forth in section 
25 (a), including subsections (1) and (2). 

(b>) Detonators in numbers of more than 5,000 and less than 
1,000,000. All detonators in numbers of more than 5,000 but less 
than 1,000,C00 shall be stored in permanent magazines complying 
with all or the standards set forth in section 25 (a), including 
subsections (1) and (2), except that vermancnt magazines for the 
Storage of detonators necd nov be bullet-resistant. Any metal 
mgazine shell be lined with a nonsparking material. 


(c) Detonators in numbers of 5,090 or less. All detonctors 


‘in numbers of 5,000 or less mry be stored in permanent moigezines eas 


above indicnted. If not so storcd, such detonators shall be stored 
in box-typc magazines complying with nll of the standards set forth 
in section 25 (b), including subsections (1), (2), and (3). 


(14) Storage with other explosives. No detonator shall be 
Stored in eny magazine containing high or low explosives or blast- 
ing-device heaters. : 


In addition to the above mandatory provisions of the regu- 
lations of the Federal Explosives Act with regard to surface storage 


of explosives, those in charge of the administration of the Act 
offer the following recommendations: 
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I.C. 7307 
| Recommendations As To Surface Magazines 
1. Be well ventilated. 
2. Have natural licht or be lishted by portable electric 
storage lamps or by pretected electrical systems, or 


by flood lighting from the cutside of the magazine. 


3, Have floors made of wood or cther nonsparking material 
and have no metal exposea. 


4, Be grounded if constructed of steel or covered with 
sheet iron, 


Additional precautions against theft 


Explosives must be protected against theft by storing them 
in magazines constructed and locked es required by the regulations. 


Additional protection may be secured in appropriate cases by 
using 


Recommendations 

1. Mortise locks wherever practicable. When padlocks are 
used they should be protected by steel hoods or shields 
placed eround the locks to prevent tampering. The hood 
or shield may be made from pipe or of steel large enough 
in diameter to enclose and protect the lock and hasp and 
at least 4 inches in length, securely fastened to the 
door by welding or by lugs that are riveted or bolted or 
fastened by some other secure method. 

<. Fences. 

53. Floodlights. 

4, Gas bombs. 

>» Alarm systems, such as the "electric eye", etc. 
6. Additional guards or inspection by watchmen. 

Precautions against fires 
Precautions taken to prevent fires should include 


Recommendations 


1. Keeping the magazine clean. 
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e. Keeping waste paper, sardust, used empty boxes and con- 
tainers, and other comoustible material from accumulating 
in or around any magazine. | 


3. Keeping the surrounding area for 25 feet, and preferably 
20 feet, in all directions free of rubbish, dry grass, 
or other material of a combustible nature and where 
feasible by covering the area with a matcrial to prevent 
the growth of grass, weeds, and brush. 


4, Prohibiting smoking, cpen lights, or other flame, or carry- 
ing of matches and smoxers' articles into or around any 
magazine, : 


>» Storing black powder and high explosives in separate 
magazines, 


D-stvibuting magazines 


Hiagazines used for distributing explosives and detonators 
mist be constructed to meet the minimum standerds of the regu- 
lations. The supply kept in such magazines should be limited to 
anproximately 1 day's requirements. All recommendations appli- 
caole to storage magazines should be observed in the operation 
of distributing magazines. 


The following drawings show various types of magazines that may be con- 
sructed of any of the ebove materials. Availability of materials will 
evern the type and construction of the magazine. These drawings are of 
Seth Ie magazines and shouid be followed in designing a new magazine. 

“g42ines now in use ususally can be changed with ea little expense 
te mexe them conform to approved practice. 


The roof of the migazine can be constructed of weak concrete, brick, 
wooi-frame and sheathing covered with sheet or corrugated iron or other 
--ré-resistant material. Roofs of magazines situated so that it is possible 
69 Shoot directly through the roof into the explosives should be made bullet- 
“sistant. This can be accomplished casily by constructing cand trays within 
“@tasazine. (See figs. 2 and 3.) Even though it is not necessary to make 
“¢ roof bullet-resietant, it is good practice to put a ceiling in the 
“2g3zine, aS it contributes greatly to keeping the temperature stable. 


The floor of the magezine should be of wood, and an opening should be 
‘sft at least 2 inches from the wall for entiation. It is bad practice 
09 aes magazines with dirt, concrete, or brick floors and foundations 
x cut ventilation opeaines: A wooden floor should be built over such 
floors, or the explosives in such a magazine should rest on benches or lat- 
12038 of wood. All sections of the magazine should be ventilated. 


Sme means should be provided for grounding magazines constructed of 
tl and those coyered with sheet iron. The entire roof and sides of the 
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magazine shown in figures 4 and 12 are covered with sheet iron, amd the iron 
portions are grounded with 1 /2-inch jron rods extending from the four lower 

corners of the building, the ends of. the rods being buried below the moistu 
line and attached to an effectively laid earth plate. 


Magazines should have no onenings except for entrance and ventilation. 
PS = ° L/ 
Pureau of Mines Magazine 


As a result of experiments and of information furnished by the manu- 
facturers of explosives, a cement-mortar magazine (figs. 4 and 12) was erect 
by the Bureau of Mines. Outside dimensions of the structure are 10 oy 16 
feet, and its capacity is 20,000 to 30,000 pounds of explosives. 


The salient features of the magazine are the cement-mortar walls, slid: 
door and roof. The cement mortar is 6 inches thick in all walls and 3 inche 
thick in the roof and the floor. The door is secured by two substantial 
locks. No metal of any kind is exnosed on the inside of the magazine. The 
ventilators above the flocr are arranged to prevent the entrance of bullets 
and firebrends.: 


The means provided for ventilation have been found to be adequate, and, 
accordingly, the storage conditions are favorable for keeping the explosives 
from deteriorating. The cement mortar employed effectively resists pene- 
tration by rifle bullets and, because of its friable nature, offers the add: 
tional adventage that it will not be projected over the surrounding country 
in case of an explosion in or near the magazine. The galvanized-iron cover: 
is fire-resisting; it also serves as an excellent medium for protection aga? 
lightning, as the four corners of the building are effectively grounded wit! 
metal rods. 7 


The concrete of the foundation consists of one part cement, three part: 
sand, and five parts gravel. The cement-mortar in the walls, door, and roc! 
consists of one part cement to six parts coarse sand. 


MISCELLANEOUS 


The following rules, although not directly applicable to magazine con- 
struction, do apply to the safe operation of explosives and detonator 
magazines. 


No detonators, tools, or other materials should be stored in a magazin 
containing explosives. 


No high or low explosives or blasting-device heaters should be stored 
ea detonator magazine. 


No black nowder should be stored with other explosives. 


ao Hall, Clarence, and Howell, S. P., Magazines and Thaw Houses for Explo- 
Sives; Bureau of Mines Tcch.-Paper 18, 1912, 34 pp. 
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Hinges, hasp and staple to be 
attached by bolts, lock washers 
and nuts on the inside 2 
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FIGURE 5.- Box-type magazine for storing small quantities of explosives or 
those for immediate distribution. Limited to storage of 125 pounds 
(outside). To be built of 2-inch hardwood or 3-inch soft wood, well- 
braced at the corners. Lumber to be smooth on the inside of box. No 
metal to be exposed. To be painted red or some other distinctive color 
and clearly marked with the word EXPLOSIVES. Lid or door to be se- 
curely locked with at least one lock equivalent to a 5-tumbler, jar- 
proof lock. 
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3” wood lining 
or 2” hardwood 


Sand or 1 cement to 
7 to 10 parts coarse 
sand 


Steel 


had 
a— Foundation vent 


Sand or weak 3” wood lining Brick lining 
concrete lining 


False roof, air space for 
maintaining lower temperature 


FIGURE 8.- Linings for steel magazines. Metal should not come in contact with stored ex- 
plosives. Floors to be blind-nailed, and lining nails to be countersunk. False roof 
or 7/8-inch ceiling to be used when necessary to maintain temperature in magazine. 
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Brick magazine 


FIGURE 9.- Sketch of an easily constructed magazine door (can be used for a door of any dimen- 
sions). Three thicknesses of 7/8-inch tongue-and-groove boards are laid diagonally back 
of a 3/8-inch steel plate. Doors should be constructed of 3/8-inch stee! plate and lined 
with at least a 2-inch thickness of wood. A thinner plate may be used when an additional 
inch of wood is used for each 1/8-inch decrease in thickness of stee! plate. Hinges and 
staples to be attached by welds, rivets, or bolts fitted with lock washers and nuts on the 
inside, Door to be equipped with two padlocks fastened in separate staples. Top and bot- 
ton hinge strap to be extended to cover iron plate for hasp and either U or | bolt, as de- 
sired, for staples or two hasps and staples could be attached if it is not desirable to use 
hinge strap as a hasp. | 
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FIGURE 10.- Standard brick magazine (as recommended by The Institute of Makers of Explo- 
sives). Specifications: Brick to be medium-soft and laid in cement mortar contain- 
ing not over 25 percent lime. No metal to come in contact with explosives packages. 
Floors to be blind-nailed; lining nails to be countersunk. Floors and ceiling to 
stop at 2- by 2-inch lining supports, leaving 2-inch ventilation spaces around the 
walls. Lattice lining, as shown, with 12-inch base boards and 6-inch wall boards 
spaced 6 inches apart. Gable or hip roof. Bullet-proof sand roof, as shown. Box 
formed by laying floor of tongue-and-groove béards on ceiling joists and building I- 
by 4-inch rim line with one layer of building paper and filling with not tess than 
4 inches of coarse, dry sand. If bullet-proofing of roof is not necessary, a ceiling 
should be built of 7/8-inch tongue-and-groove boards or wall boards to stabilize 
temperature within the magazine. 
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FIGURE 11.- Standard sand-filled or weak concrete-filled magazine (as recommended 
by The Institute of Makers of Explosives). Specifications: Outside and in- 
side sheathing to be tongue-and-groove boards to prevent loss of sand. Space 
between outside and inside sheathing to be filled with weak concrete mortar 
of approximately | part Portland cement and 7 to 10 parts of sand or 6 to 12 
inches of weak mortar over the sills and coarse, dry sand in the remaining 
space. Bullet-proof sand roof, as shown. Floor and ceiling to stop 2 inches 
from walls to provide ventilation. Nails in walls and floors to be concealed. 
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a Lighting in the megazine should be natural or by permissible lights; if 
a) eteazine is electrically lighted, the lamps should be of the vapor-proof 
z she switch should be outside the outlding, and the wiring shculd be in 


Sucking, open lights, and open flames should nct be allowed in or near 
a2 “N=Scazine, 7 | 


i Only tools meie of wocd or other nonmetallic material should be used 
~* SPening containers of explosives. 


Feo: Floors of magazines shonld be kept ase Empty boxes, paper, and 
*ASh should mot be allowed to accumulate; such material should be destroyed 


Deal 


2 burning at a safe distance from the en une, 

Elosives should te so stored that the oldest stock is used first. 
seer Cases of explosives should be stored top-side un; in other words, so 
haatoe 8 ‘ 4 — : 

cartridecs are lying flat. Howe ever, they should te turned at regular 


ee 
“vals as this will help to prevent thei r deterioration. 


Prefersdly, cases cf explosives snould not be piled in stacks more than 


f——~ | ; . he 
SS Ce hig ‘ 
Q 
=; vaces Containing explosives should always be lifted and set down care- 
> th, vw? Hever slid over ons another or dropped from one level to anothor or 


“M.S@ Ini Shendled. 


a ms: ae surrounding the magazine should be kept free of dry grass and 
= Kall | ies 1Gr combustible material for at least 25 feet, preferably 5O fee, 

aie ise, ons; if feasible, this areca should be severed with cinders or 
ww AL to prevent the growth of grass, brush, and weeds. 


Cnly 
sty, “Uthorized persons should be allowed in the magazine. One person 
= citents aS responsible for the oneretion and be held accountable for the 
whi Oi: 


~ the magazine. 
CONCLUSIONS 


Feder 
iene ©xplosives investigators ongaced in the administration of the 


Wirtine Fe 
S169 ang ao Explosives Act inepected many thousand storages of explo- 
Curd not mcre than 10 nercent of them to be safe or efficient. 


41 tiga 
aot €. s 
dss Of instances, the me thod of stcrage wig so defective as to 


ane : mor oN e: VID y 
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CYrs s . 

“-timinal carelessness. High cxnlosives in considerable quanti- 
= a 4 s . 
oo under or on rock ledgcs or even loose rocks in quarries 
or road cuts, on the counter in company stores in coal- 


ae ne Corman ges, in coal sheds or chicken houses in small towns, in barns, 
tar in ga: ed tool sheds, or even in the kitchen pantry on farms, behind the 


hms, and under the kitchen stove in some mining sommunat tea: In 
of the relatively small stcrages (50 pounds or less) no attempt 


at lest Se 
Protect the explosives ageinst theft by storing them under lock 
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In scores of so-called explosives magazines that had some semblance of 
protection against theft, the protection usually was merely a has» and stap: 
and a cheap lock that could be forced in a few minutes with an ordinary hez- 
mer, bar, or chisel. In many instances, if the lock should hold, entrance 
could be had by forcing a door pancl or breaking a few panes of glass ina 
window, or some boards or corrugated sheet iron could be removed with a cro 
bar. In fact, in virtually every State in the Union essentially no protec- 
tion was provided against theft of stored explosives, and mischievous boys 
(and sometimes girls) were almost invited to break into the so-called 
explosives magazines, 


As a result of this almost criminal carelessness, hundreds of small 
children every year come into possession of explosives (dynamite, black 
blasting powder, detonators), with the result that every year scores of the 
lose fingers, arms, feet, or eyes. 


Through the administration of the Federal Explosives Act, explosives 
storage has been improved greatly throughout the United States, ana it is 
hoped that the good work that has been accomplished and the benefits that 
have been realized will not be lost with the advent of peace and the conse- 
quent recessing of the act. 


The thousands of storages of cxplosives of all sizes that have undereg° 
improvement, in many instances through construction of new magazines in su 
able places, have far more than justified the expenditure of effort and fur 
involved in the administration of the Federal Explosives Act since it went 
into effect upon its passage on December 26, 1941. 
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